and control the aqueduct in the intersection of the main ditch and the G213 national road, which will be similar to the earthquake in the future. It is provided as a reference for research and prevention of the debris flow.
Introduction
Wenchuan county, located at the epicentral region, suffered debris flow disasters in succession years after the earthquake: on August 13, 2010, Hongchun gou debris flow at Yingxiu town washed out with 7105 m 3 , Minjiang river was blocked and caused 72 deaths and more than 8000 people were forced to transfer [1] . On July 10, 2013, a large-scale debris flow disaster broke out along the Du wen Highway, Minjiang river was also blocked and formed 24 barrier lakes, roads, bridges and tunnels were seriously damaged, [2] . On both sides of the provincial road 303 parallel to the Yuzi river, almost every rainy season will cause traffic disruption due to the destruction of heavy rain and debris, [3] . Caopo town ship rebuilt after the earthquake was forced to relocate and rebuild as a whole, [4] . On August 13, 2010, mudslides broke out in 44 trenches in the Longxi river Basin in Dujiangyan, and a large number of post-disaster reconstruction facilities were destroyed and caused major property damage, [5] . There are significant differences in formation mechanism, outbreak scale and risk between pre-earthquake and non-earthquake areas, [6] [7] [8] [9] [10] .
After the Wenchuan earthquake, the loose solid material in a debris flow gully area of Yingxiu town was increased significantly, and some unfavorable geological phenomena such as landslides and collapses also occurred. The gully accumulation sector was located in the plan- ning area of restoration and reconstruction of Yingxiu town. This paper mainly focused on a debris flow disaster in Yingxiu town after the Wenchuan earthquake. Through site investigation and data review, the geography and geological environment of the basin and the development, formation conditions and activity characteristics of the debris flow in the basin were analyzed. The characteristics of the debris flow, such as gravity, flow velocity and impact force were calculated and analyzed. According to the management idea of combination of blocking and discharging, three blocking dams were suggested to be arranged in the main ditch in this paper, drainage gullies were suggested to be constructed in the downstream accumulation section, and preventive measures with aqueducts were suggested to be set-up in the intersection of the main ditch and the G213 national road, which will provide similar reference for research and prevention of debris flow induced by earthquake in the future.
Brief introduction of debris flow

Terrain and landform conditions
The debris flow basin is located in Yingxiu Ttown, Wenchuan county, on the right bank of Minjiang river. The gully area is a deep cut V-type valley. The gully is generally wide in the upper and lower reaches, narrower in the middle reaches, and shows the characteristics of timewidth and time-narrow variation. The gully area is about 2.1 km 2 , the main gully length is 2.1 km, the relative height difference is 1090 m. The tributaries of the debris flow are well developed, and there are 5 larger ones, as shown in fig. 1 .
Water source conditions
The debris flow basin is mainly recharged by atmospheric precipitation, and its discharge is greatly affected by precipitation. There are no reservoirs, lakes and other surface water bodies in the valley. Therefore, the water source conditions of debris flow outbreak are mainly short-term floods in the valley under the action of rainstorm.
Provenance conditions
According to the survey report, the amount of debris flow in this gully is 
Meteorological conditions
The basin is located in the subtropical humid monsoon climate zone of the mountainous area. It is located in the rainy central area of western Sichuan. It is one of the areas where heavy rains often occur. According to the 25-year survey of the Yuzixi hydrological station, the average annual precipitation is 1253.1 mm, and the maximum annual precipitation is 1688 mm (appeared in 1964), the minimum annual precipitation is 836.7 mm (appeared in 1974), the maximum continuous four months (June-September) precipitation is 853.2 mm, accounting for 68.2% of the annual precipitation, the daily maximum precipitation The amount is 269.8 mm, and it is a flood season from May to August every year. It is rainy and sloppy, and the autumn rain is seriously harmful, [11] .
According to the conur map of the heavy rainfall attached to the handbook for storm floods in the small and according to the conur map of the heavy rainfall attached to the handbook for storm floods in the small and medium-sized basins of Sichuan province, the average annual maximum rainfall of 1/6 hour, 1 hоur, 6 hоurs, and 24 hours in Yingxiu area is 15 mm, 35 mm, 90 mm, 130 mm, respectively. The coefficients are 0.42, 0.35, 0.50, and 0.60, respectively. According to the coefficient of variation, the Pearson III curve obtained the modulus ratio at different frequencies and the statistics of the rain intensity at different frequencies are shown in tab. 1. 
Analysis of fluid characteristics of debris flow
Severe characteristics
In the upper and middle reaches of this section, debris flow slurry is mixed by debris flow deposits and gully water. Villagers who have seen the occurrence characteristics of debris flow are asked to mix the slurry into the concentration of debris flow slurry at that time (mainly referring to the characteristics of debris flow after the 2008 earthquake) and weigh it. The volume of slurry is measured, and its weight is calculated according to the calculation method of debris flow gravity based on clay content as Ningsheng, [12, 13] . As the gravity of debris flow fluid, the calculated results are as in tab. 2. P = 1% P = 2% P = 5% P = 10% P = 1% P = 2% P = 5% P = 10% 
Traffic characteristics
The surface water catchment flow is calculated according to the empirical formula proposed by China Highway Science Research. When the catchment area, F, is more than 3 km 2 , the formula can be written as [14] :
When the catchment area, F, is less than 3 km 2 , we have [14] :
The peak flow of debris flow can be written as [14] :
where Q c is the peak discharge of debris flow section, Q p -the peak discharge of rainstorm flood, ψ -the runoff coefficient of rainstorm, F -the catchment area, s -the hourly rainfall intensity. Accordingly, the peak flow of debris flow can be obtained by rainflood method, see [15] , as shown in tab. 3. 
Velocity analysis
The velocity of debris flow is one of the most important parameters of its dynamic characteristics. Considering that the large-scale debris flow in the main gully needs large rainfall and strong hydrodynamic conditions, and under the condition of large rainfall, the fluid property will tend to be dilute. Therefore, the flow velocity of the debris flow can be expressed, [16] 
Impact force analysis
The impact force of debris flow is related to the selection of follow-up prevention technology, the formulation of structure size and the design of reinforcement, see [17, 18] , etc. The calculation is carried out according to the recommended formula of Investigation Code for Debris Flow Disaster Prevention and Control Engineering Z/T0239-2004. The building is rectangular, and the angle between the impact force at the calculating site of the gully debris flow and the stress surface of the building is considered as frontal impact. The calculation results are shown in tab. 5. 
Analysis of climbing height and maximum rise height
When debris flow encounters a reverse slope, it advances along a straight line due to inertia force, and the impact height refers to the phenomenon-that the debris flow is blocked in the process of rapid flow and its huge kinetic energy is rapidly converted into potential energy, which makes the mud and wrapped stones splash at the impact site. The climbing height and maximum scouring height of debris flow are calculated according to the calculation formula provided in Appendix I of DT/T0220-2006 Code for Exploration of Debris Flow Disaster Prevention and Control Engineering. The results are shown in tab. 6. 
Debris flow control measures Target of threat
According to the defined range of debris flow hazard zone, the main target of the threat is the planning area of Yingxiu Town in Gugou, the dispersed inhabitants, and the safety of G213 National Highway, passing vehicles and pedestrians in Gugou. Therefore, it is very important to investigate and control Zhang debris flow.
Prevention and control measures
According to the formation conditions, basic characteristics and harmfulness of the aforementioned debris flow, and management ideas, we have the following treatment proposals. Damping dams are arranged in the main ditch, respectively, in the downstream of the main ditch and the gap of the 3 # branch ditch, the middle main ditch and the downstream section of the 2 # branch ditch and the downstream main ditch and the junction of the 1 # branch ditch. According to the topography and site conditions of the project, it is recommended to use the grille dam form to fully utilize the conditions of good dam construction between the wide and narrow channels, so as to achieve better control effect, see [17, 18] . The drainage channel is built in the accumulation section downstream of the ditch area, the groove section is adjusted, the curvature of the curve is reduced, the section of the road bridge and culvert is taken as the control section, and the debris flow material downstream of the intercepting dam is smoothly introduced into the Minjiang river. An aqueduct is set up at the intersection of the main ditch and the G213 national road in the ditch area to protect the traffic safety of the road section. There are a large number of rock accumulations in the debris flow channel of the ditch. The lithology is mainly granite, granitic diorite and sandstone. The rock has high strength and can be taken locally when construction, which is conducive to saving construction costs.
Conclusion
In the present task, the geography and geological conditions of the basin and the development of the debris flow, the formation conditions and activity characteristics of the basin, as well as the gravity, flow velocity and impact force of the debris flow were comprehensively analyzed in detail. In view of this kind of similar debris flow disaster, the debris flow prevention and control measures with both safety and economy were discussed in detail.
